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RESEARCHE MEMORANDUM

INVESTIGATION OF THE EFFECTS OF TWIST AND CAMBER ON THE
AFRODYNAMIC CHARACTERISTICS OF A 50° 38' SWEPTBACK

WING OF ASPECT RATIO 2.98

TRANSONIC-BUMP METHOD

By Kenneth P, Spreemann and William J. Alford, Jr.
SUMMARY

An investigation of two semispan wings of identicel plan form
(swept back 50° 38') was conducted in the La.ngley high-speed T- by
10-foot tuunnel over & Mach number range of 0.68 to 1.15 by means of
the transonic-bump technique to determine the effects of twist and
camber on the aerodynamlc characteristics of a sweptback wing. This
paper presents the results of the investigetion of wing-alone and
wing-fuselage configurations of the two wings; one was an untwisted
and uncembered wing and the other Ilncorporated twist and camber
desligned to give uniform load et & 1lift coefficient of 0.25 at a Mach
number of 1.10. The semispan wings had thelr guarter-chord lines
swept back 50° 38', aspect ratios 2.98, taper ratios 0.45, and modi-
fied NACA 6LA-series alrfoil sections tapered in thickness. ILift,
drag, pitching moment, and root bending moment were obtalned for these

configurations.

The results show that, for 11ft coefflcients above 0.10, the
lift-drag ratios were increased throughout the Mach mumber range inves-
tigated by twlsting and cambering the wing. No significantly large
changes In lift-curve slope, minimum drag, or movement of the
serodynamic-center location were occagioned by twlsting and canbering
the wing. Camber and twist resulted In negative displacements of the
pitching-moment curve, particularly for the wing-fuselage combination.
The pitching moment et zero 1ift generally showed rather small vari-
ations with Mach number. '
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INTRODUCTTON

In the transonic and supersonic speed range one of the
promising configurations from a compromise between aserodynamic and
structural requirements 1s the swept wing of low aspect ratio with thin
alrfoll section. A wing of this type has the advantage of low drag at
zero 1ift but this gain in performance is partly offset by high drag
due to 1ift. Previous Ilnvestigastions at subsonic and supersonic speeds
have shown that the lift-drag characteristics can be improved by
twisting and cambering the wing (references 1 and 2). To secure infor-
mation through the trensonic speed range, two wings were investigated;
one was an untwisted, uncembered wing (hereafter referred to as a flat
wing) similar to one tested at subsonic and supersonic speeds (refer-
ences 3 and 4) and the other had the same plan form but incorporated
twist and camber designed to give uniform loading at a Mech number
of 1.10 and a 1ift coefficient of 0.25.

This investigation was conducted in the Langley high-speed T7-
by 10-foot tunnel over a Mach number range between 0.68 and 1.15 which
was obtained by use of the transonic-bump method. Included in the
paper are the results of the investigation of the wings-alone and wing-
fuselage combinstions. Lift, drag, pltching moment, and root bending
moment were obtained for these configurations.

COEFFICIENTS AND SYMBOLS

Cy. 1ift coefficient (Twice semispan 1ift/qS)

Cp drag coefficient (Twice semispan drag/qS)

Cm pltching-moment coefficlent referred to 0.25c
(Twice semispan pitching moment/qSc)

Cg bending-moment coefficlent e&bout axils parallel to relative
wind in plane of symmetry (Root bending moment/q_ 423- g-)

q effective dynamic pressure over span of model, pounds per
square foot <%fpV2

S twice wing ares of semispen model, 0.125 square foot

Someg—
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c mean serodynamic chord of wing, 0.215 foot, based on

relationship %- o/ c? dy_(using'théoretical tip)
0

c locel wing chord psasrallel to plane of symmetry, feet

b twice span of semlspen model, O.61 foot

¥ spenwise distance from plane of symmetry, feet

air density, slugs per cublc foot .
v stream velocity over model, feet per second
b/2

M effective Mach number (%1/£ cMa dy)

M, local Mach number

M, average chordwlse Mach number

R Reynolds number (pVE/u)

M absolute viscosity, pound-seconds per square foot

o angle of sttack of fuselage reference line (€ is parallel
to fuselage reference line), degrees

€ angle of wing twist meesured relatlive to fuselesge refer-
ence line (fig. 1(b))}, degrees

a chordwise distance from wing leading edge parallel to
plane of symmetry, feet

z camber, feet

L/D lift-drag ratio

GCLFO angle of attack at zero 1ift coefficilent, degrees

Ye.a.1. lateral center of additional loading, percent semispan

=)
BCL
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Cmo pitching-moment coefficient at zero 1ift coefficient
Cnmi minimum drag coefficient . - : ;
n .
C 1ift coefficient at minimum drag coefficient ;
L 4
C .
Brin 5
(/D) maximum lift-dreg ratio ,
Cq, 1ift coefficient at meximum lift-drag ratio
(L/D) pox

MODELS AND APPARATUS

The steel wings of the flat and the twilsted and cambered semlspan
models had 50° 38' sweepback of their gquarter-chord lines, aspect
ratios of 2.98, and taper ratios of 0.45. The airfoil sections of the
flat wing perpendicular to the 29.3-percent-chord line, where the
29. 3-percent-chord line intersects the' streamwise root and tip chords, '
were NACA 64(10)A01O.9'at the root and NACA 6#,08)A008.1 at the tip. .
AN

The same 64A-series airfoil thickness distribution was placed around

the mean camber surface of the twisted and cambered wing. The maximum T .

streamwise thicknesses were 7.4 percent at the root and 5.6 percent at

the tip. Two-view drawings of the flat (untwisted, uncambered) wing-

fuselage end the twisted and cambered wing~fuselage models are pre-

sented as figures 1(a) and 1(b), respectively. Photographs of the flat

wing alone and flat wing-fuselage combination are presented as fig-

ures 2(a) and 2(b), respectively. Ordinates of the fuselage used are

glven in teble I. .
The twisted and cambered wing was designed to obtain a uniform

load distribution at s Mach number of 1.10 and a 1lift coefficient

of 0.25. The theoretical mean-surface coordinates of a wing having

uniform load at the design conditions were calculated by the method of

reference 5.. It was found from cross plots of the computed results

that the camber (perpendicular distance sbove chord line) could be

satisfactorlily modified to glve a linear variation in camber with

distance slong any constant percent chord. The theoretical camber and

the linear camber actually used are presented in figure 3, along with

the meximum camber and the angle of wing twist. The chordwise location

of the maximum camber was 40.0 percent of the streamwise chord through-

out the span. To avoid the impracticably large wing twist at the root,

the theoretlical twlst was modified by using a linear fairing.

Force and moment measurements were made with a strain-gage balance
enclosed in the tunnel bump. The 1ift, drag, pitching moment, and root .
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bending moment were recorded with recording potentiometers. The angle
of attack was measured by means of a slide-wire potentiometer and
recorded with a galvanometer.

TESTS

The tests were conducted in the Langley high-speed T- by 10-foot
tumnel by the transonic-bump technique (reference 6). The bump uti-
lized in this investigation was larger than that of reference 6; thus,
because of the reductlion in bump curveture, the local Mach number grad-
ients were considerably less than those assoclated with the bump of the
eforementioned reference. It was pointed out in reference 6 that the
effect of bump curvature and local Mach number gradients on the bump
results wes to move the aerodynamic-center positions somewhat rearward
of positions indiceted by sting setups, or by semispan setups employing
a flat reflection plane. However, no consistent effects of bump curva-
ture and local Mach number gradlents were noticed on the other aero-
dynemic parsmeters.

The changes in sweep angle of the quarter-chord line of the model
caused by the bump curvature were an increase of 1.0° ghead of the
balance center line at the root quarter chord and a decrease of 2.3°
behind the balance center line at the tip quarter chord. Typicael con-
tours of local Mach number in the vicinity of the model location,
obtained from surveys with no model In position, are shown in fig-
ure 4. The dashed lines nesr the root of the wing (fig. 4) represent
& local Mach number that 13 5 percent below the maximum value and indi-
cate the extent of the bump boundary layer. It is seen that outside
the boundary layer there is & local Mach number variation of gbout 0.0l
over the model semlispen at the lowest Mach numbers and sbout 0.05 at the
highest Mach numbers. The average chordwise Mach number varlation is
generally less then 0.015. The effective test Msch number wes obtained
from additional contour charts/similar to those presented in figure b

2
from the relationship M = cM, dy. The Mach number range gener-
0

glly extended from 0.68 to 1.15 through an angle-of-attack range from
gbout -9° to 24°,

A gap of about 1/16 inch was malntained between the wing root
chord and the bump turntable and & sponge-wiper seal was fastened to
the wing butt beneath the surface of the turntable to minimize leskage.
The turntable was located flush with the bump surface and supported so
as to retain the bump contour at all angles of attack.
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Jet-boundery corrections have not been evaluated because the
boundary conditions to be satisfied are not rigorcusly defined. How-
ever, inasmuch as the effectlve flow field was large compared with the
span and the chord of the model, the corrections are believed to be
small. Corrections due to aeroelastic effects were less than 1.0 per-
cent and were not applied to the data.

The varistion of mean test Reynolds number with Mach number is
shown in figure 5. The cross-hatched reglon of this plot indicates the

range of Reynolds number caused by variations in the atmospheric con-
ditions during the course of the investigation.

RESULTS AND DISCUSSION

A list of the figures presenting the results follows:

Figure
Basic aerodynamic data: ,
Wing 8loNe . v ¢ v v v e c 4 o 6 o e 4 e e e e e e e e e e e 6
Wing-fuselege . ¢« + ¢ « ¢ « ¢ « o = o o o s o » o = o o & » 4 7

Lift-drag retios:
Wing 8lon€ « v + v « e ¢ o o« o & s & o s o o o s ¢« o e o ¢« s+ « - 8
Wing-fuselage . o « ¢ ¢ ¢ &+ o v o o o o s« o « s s v o o o o o 9

Summary of sercdynsmic characteristics:
Wing alone . .+ v v v v v ¢ ¢ v 4 e 4 e e e e e e e e e e e . 10
Wing-fuselage . . . . ¢« o + o & ¢« 4t 4 e s e e e s a . . 11

Unless otherwise noted, the discussion is based on the summeary
curves presented in figures 10 and 11. The slopes presented in these
figures have been averaged over a lift-coefficlent range of O to O.k.
It should be pointed out thet in the following dlscussion the changes
in the serodynamic characteristics of the wing-fuselage combination
attributed to wing twist and camber may also include interference
effects caused by the change in angle of wing incidence at the wing-
fuselage Juncture.

Lift Characteristics

The wing-alone lift-curve slopes (fig. 10) were only slightly
affected by twistling and cambering the wing, although it may be
observed that the varistion with Mach number was slightly greater for
the twisted and cambered wing. Comparison of the lift-curve slopes for

s~
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the two wing-fuselasge combinastions (fig. 11) shows that twisting and
cambering the wing gave lncreases 1n lift-curve slopes of 0.002
to 0.00k,

The sngle of attack for zero 1ift of the wings alone, “CL=O

(fig. 10) was decreased sbout 2° throughout the Mach number range by
twlsting and cambering the wing. In the wing-fuselage comparisons,
ag;=0 (fig. 11) was considerably less affected by twisting and cambering

the wing (maximm reduction of about 1°). This-apparent reduction in
the chenge in ch=O may be attrlbuted to the loss in 1ift caused by

the fuselage coverlng part of the wing where large positive changes in
twist are present. It may be noted that the angles of attack for zero
1ift of the twisted and cambered wing were reasonably constant with Mach
number for both wing-alone and wing-fuselage configurstions, even though
they were not as constant as for the flat wing.

Throughout the Mach number range the lateral centers of additional
loading (yc.a.z.) of the twisted and cambered wing for both wing-alone

and wing-fuselage configurations (figs. 10 and Il) were 1.5 to 2.0 per-
cent of the semlspan farther outboard than the laterel centers of sddi-
tional loading of the flat wing.

Drag Characteristics

Twlsting and cambering the wing caused only slight changes in the
shapes of the drag curves but did shift the curves 1n such a manner as
to cause a glven drag value to occur at & higher 1ift coefficlent. The
summary curves (figs. 10 and 11) indicate that, at the higher Mach num-
bers, twistlng and cambering the wing gave slightly lower minimim drag
coefficients then the flat wing for both wing-alone and wing-fuselage

"conflgurations. However, it 1s possible that asymmetry of flow over the

bump may have been responsible for the apparent reduction in C n of
the twisted end cambered wing, lnasmuch as calculations of induced drag

_indicated that CDmin of the twisted and cambered wing should be

about 0.001 higher than thet of the flat wing. The fact that the minimum
drag coefficients of the twisted and cambered wlng occurred at positive
1ift coefficlents for bhoth wing-alone and wing-fuselage configurstions
is of perticular significence for high-speed flight at low 1lift coef-
ficients. It should be noted that the minimum drag coefficlents of the
wing-fuselage combinstion may be high because of the sgkin friction and
interference drag caused by the additional fuselage surface and the gap
between the fuselage and the bump surface. It is particularly notice-
gble in the basic drag data (figs. 6 and 7) that twisting and cambering
the wing was quite effective in reducing the drag due to 1lift for both
wing-alone and wing-fuselage conflgurations.
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Lift-Drag Ratios

Over most of the lift-coefficient range, the lift-drag ratilos
(figs. 8 and 9) were greatly increased by twisting and cambering the
wing. Slight reductions in L/D, due to twlst and camber, sometimes
occurred at 1lift coefficients below 0,10. The twisted and ceambered .
wing-alone and wing-fuselage configurations have considerably higher
values of (L/D)max (figs. 10 and 11) than the flat wing configurations

(30 to 65 percent for wing-alone and 15 to 25 percent for wing-
fuselage). Increases in Mach number caused reductions in the values
of (L/D)max’ particularly on the twisted and cembered wing. The large
reductions in (L/D)pg, Observed between Mach numbers of 0.92 and 0.97

mey be attributed primarily to the rise 1in CDmi in this Mach number
range. B

The 1ift coefficient at which (L/D)max occurred usually was

slightly higher for the twisted and cambered wing configurations than
for the flat wing configurations. Large Mach nmumber effects on CL

for (L/D)max were indicated for all the configurstions investigeted at

Mach numbers between 0.90 end 1.00, except in the case of the twisted ~
and cambered wing-alone configuration, which appeared to be relatively
unaffected by Mach number.

Pitching-Moment Characteristics

Comparison of the curves of acm/acL (figs. 10 and 11) shows that,

in the subsonic Mach number range, twlsting and cambering the wing
usually resulted in more forward locations of the serodynamic center
for both wing-alorne and wing-fuselage configurations. The usual rear-
ward movements of the aerodynemic center that occur in the mixed-flow
reglon at Mech numbers between 0.90 and 1.00 were slightly greater
for the twisted and cambered configurations than for the flat wing
configurations. It should be noted that the falrings of BCm/BCL at

Mach numbers between 0.89 and 0.99 for the wing-fuselage combilnations
(shown by dashed lines) are somewhat in question because of the lack
of-test points In what appears to be & very critical region. In
general, the aerodynemic-center locetions of the twisted and cambered
wing configuratlons were more affected by Mach number than those of the
flat wing configurations. The basic pitching-moment data (figs. 6

and T7) indicate that the use of a twisted and cambered wing delayed the
unsteble bresk in pltching moment to higher 1ift coefficlents in the
lower Mech number renge. However, above a Mach number of 0.G4% the
unstable break in the pitching-moment curves occurred at lower 1lift
coefficients for the twisted asnd cambered wing than for the flat wing.
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It may be observed that these effects were less ncticeable for the
wing-fuselage comblnation.

A slight negative wvalue of pltching-moment coefflcient at zero
1ift Can,, (fig. 10) was evidenced by the twisted and cambered '

wing alone. With the fuselage instslled, an increment in Cmo

of -0.04 (fig. 11) was cbserved for the twisted and cambered wing-
fuselage configuraetion at Mach numbers below 0.90 slthough above a Mach
number of 0,90 thls increment was notliceebly reduced. However, the

Cmo variations throughout the Mach number range seemed to be gradual

and, therefore, trim changes affected by Cmo would be rather smell

for elther the flat or twisted and cambered wing configurations. At
subcritical speeds it can be shown theoretically that the negative
increment in Cmo caused by camber is partlslly offset by the basic

twist distributions. It would be expected that with the fuselage
ingstalled on the wing the counteracting effect of wing twist would be
spprecilably reduced because of the large twlst gredient enclosed 1in the
fuselage (see fig. 3).

CONCIUSIONS

An investigstion of the effect of twlst and camber on the aero-
dynamic characteristics of a sweptback wing indicated the following
conclusions:

1. At 1ift coefficlents sbove 0.10, the twisted and cambered
wing gave larger velues of lift-dreg ratios throughout the Mach
number range than the untwlsted, uncambered wing.

2. No significantly large changes in 1lift-curve glope, minimm
drag, or movement of the serodynamic-center location were occasioned
by twisting and cambering the wing. Camber and twist resulted in nega-
tive displacements of the piitching-moment curves, particularly for the
wing-fuselage combination. The pitching moment at zero 1ift generally
showed rather small variations with Mach number.

Langley Aeronautical Laborstory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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Tabuiated Wing Data
Balance & Area (Twice semispan) o.125sqg ft
Mean aerodynamic chord 0.215 ft
] Aspect ratio 298

53° 23’ Taper ratio 045
Incidence 0.0°
Dihedral 00°
gg;%%%wm NACA 64¢1p) AOIOS

225-chord line al the rool
af thely
Refsrence 1£293-chord line _ a
center lir ump contour
A
AN
-2 3367
alance centor /ine
normal o bump surface
See rable I for :
fuselage ardhafas.\ 3703
reference /ine ?,,,m{_j
_[ Scale, inchas

Qs

(=4

(a) Flat wing-fuselage combination.

Figure 1.~ Wing-fuselage combinations with 50° 38' sweptback wings, aspect
ratios 2.98, taper ratios 0.45, and modified NACA GEhA-series airfoll

gectlions.
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Tecbuloted Wing Dala

13

Area (Twice semispan)  OI25sgft
Mean acercdynamic chord OZ2I5 ft
Aspect ratio 298
Batance € Taper ratlo 045
Incidence O00°(MAC)
Dikedrol Qo°
53223 Airfoil thickness IACA 6'4(/0 ) A0S
dfsfnbufbnl of the roof
perpsndiculor
to 0293 chord lin NACA 69ppg; ACOE!
af the ftp
_Y0.25-chard lina
Reforsnce .293-chord ne  (line of twist)
N N -Bump confour
AN
N T 3357 —! %
L]
Balance cenker line _&
normal fo bump surface e
Roor ssction
t
3703 b3
S
T
F::Té%\ - reference line ———
' QS \. - /
I b T~ Tip saction
} 998
o / 2
bacaracard——ct
Scate, inches

(b) Twilsted and cambered wing-fuselage combination.

Figure 1.- Concluded.
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(a) Wing alone.

Figure 2.- Flat wing model with 50° 38' sweptback wing, aspect ratio 2.98,
taper ratlio 0.45, and modified NACA ElA-series airfoil sections mounted
on the transonic bump.
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—————0 Theoretical
~——— Modified
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¥ 3 N
S 20 - - X N
§ “ 5 ~
M o -2
o 2z & 6 8 10 R% 2 s 6 & 10
Span station, Xz , Span station, Yz,
root tip roof tp

Figure 3.~ Spanwise variations of twipt and camber of the twisted and
cambered wing.
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. O
o
~

Figure 5.- Variation of test Reynolds mmber with Mach number for a model
with 50° 38' sweptback wing, aspect ratio 2.98, taper ratio 0.45, end
modified NACA 6la-series airfoil sectionms.
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